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Association between transcription
factors expression and growth
patterns of nonfunctioning
pituitary adenomas
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Transcription factors (TFs), including steroidogenic factor-1 (SF-1), T-box transcription factor

(TPIT) and pituitary transcription factor-1 (PIT-1), play a pivotal role in the cytodifferentiation of
adenohypophysis. However, the impact of TFs on the growth patterns of nonfunctioning pituitary
adenomas (NFPAs) remains unclear. This study aims to investigate the correlation between the
expression of TFs and NFPAs growth patterns. Preoperative MRI in 171 patients who underwent
surgery for nonfunctioning pituitary macroadenomas were analyzed to determine tumor growth
patterns. Immunohistochemical staining for transcription factors PIT-1, TPIT, and SF-1 was done on
all samples. Extrasellar growth was divided into three principal directions: infrasellar, suprasellar and
lateral cavernous sinus invasion (CSI). Suprasellar extension was defined as tumor extension superior
to the tuberculum sellae-dorsum sellae line, inferior extension as invasion through the sellar floor into
the sphenoid sinus or clivus and CSl as Knosp grading score of 3 ~ 4. Statistical analysis to compare the
groups was conducted using the Fisher’s exact test and t-test. TPIT-expressing tumors were more likely
to exhibit combined infrasellar extension (55.17 vs 17.70%, p < 0.0001), as well as isolated infrasellar
extension (18.97 vs 0%, p <0.0001) compared to SF-1-expressing tumors. Conversely, SF-1-expressing
tumors were more likely to exhibit combined suprasellar extension (92.92 vs 77.59%, p=0.0061), as
well as isolated suprasellar extension (75.22 vs 41.38%, p < 0.0001). TPIT-expressing tumors had a
significantly higher CSl invasion (55.17 vs 35.40%, p=0.0148). The mean maximal tumor diameter in
TPIT and SF-1 macroadenomas was similar (28 vs 26 mm, p=0.1213). The expression of TFs affects
the extrasellar growth pattern of NFPAs. TPIT tumors exhibit a higher propensity for bone invasion
and CSI, while SF-1 tumors tend to extend into the suprasellar region. Isolated infrasellar extension is
specific to TPIT tumors and can serve as a radiologic sign to distinguish between TPIT tumors and SF-1
tumors.
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Nonfunctioning pituitary adenomas (NFPAs), described as nonfunctioning pituitary neuroendocrine tumors
(PitNETs) in the 5th edition of the WHO Classification of Endocrine and Neuroendocrine Tumors, constituting
22 ~54% of all pituitary adenomas"2 Usually, NFPAs show compression symptoms, such as headaches and
vision deficits due to its larger size. The classification of NFPAs subtypes relies on immunohistochemical analysis
of transcription factors (TFs) and anterior pituitary hormones**. The most common subtype is steroidogenic
factor-1 (SF-1) expressing tumor (constituting 70 ~ 75% of NFPAs), followed by T-box transcription factor (TPIT)
expressing tumor (20 ~30% of NFPAs)>®. SF-1 and TPIT are responsible for the development of gonadotroph
cells and corticotroph cells, respectively’=. Typically, NFPAs expressing SF-1 are diagnosed as silent gonadotroph
adenomas (SGAs), while those expressing TPIT are identified as silent corticotroph adenomas (SCAs)*1°.

With over 95% of NFPAs exhibiting extrasellar extension!!, achieving total resection of tumors remains a
challenge for surgeons in the era of endoscopic transsphenoidal surgery'>!3. Understanding the growth patterns
of NFPAs is crucial for optimizing surgical planning. It has been reported that different pathological types of
pituitary tumors show distinct growth and invasion patterns'?, such as growth hormone (GH) adenomas, which
frequently invade the sphenoid sinus and clivus!*>-!8. However, few studies have focused on the extrasellar growth
pattern of the two major subtypes of NFPAs. In this study, we aimed to analyze extrasellar growth patterns of
NFPAs based on the MRI and expression of TFs to enhance our understanding of tumor growth propensities.

Methods

We conducted a retrospective analysis of all patients who underwent endoscopic pituitary adenoma resection
at The First Affiliated Hospital of Sun Yat-sen University between January 2021 and February 2023. All
patients underwent 3.0 T MRI examination of sellar region with and without contrast before operation.
Immunohistochemical staining for the three lineage-based TFs PIT-1 (Anti-Pitl, rabbit, Abcam), TPIT (Anti-
Tpit antibody, mouse, Abcam) and SF-1 (Anti-Steroidogenic Factor 1, rabbit, Abcam) was done on all samples by
pathologist. Tumors were classified according to the 5th WHO CNS endocrine classification guidelines and were
clustered according to their adenohypophysis cell lineage?. The inclusion criteria comprised: (1) A diagnosis of
NFPA according to the preoperative clinical manifestations. (2) Positive postoperative immunohistochemical
staining for SF-1 or TPIT alone. (3) Presence of primary pituitary macroadenoma (tumor larger than 1 cm in
diameter). The exclusion criteria comprised: (1) Positive postoperative immunohistochemical staining for PIT-
1. (2) Positive costaining for transcription factors (such as SF-1&TPIT). (3) Recurrent tumor.

MR images were evaluated for extrasellar extension.Two neurosurgeons (Weijie Su and Jia Yang)
independently performed imaging assessments. The extrasellar extension region was categorized into three
parts: infrasellar, suprasellar, and cavernous sinus. Suprasellar extension was defined as tumor growth beyond
the tuberculum sellae-posterior clinoid line in the sagittal plane'®. Infrasellar extension was confirmed when the
tumor clearly breached the sellar floor into the sphenoid sinus!” and the sellar floor destruction was confirmed
intraoperatively. Cavernous sinus invasion (CSI) was categorized as Knosp score 3 ~4'. In the vertical direction,
tumors were defined as isolated suprasellar or infrasellar extension when they extended only suprasellar or
infrasellar regions. The word “any” and “combined” mean suprasellar or infrasellar extension, including
extension in both directions. (Fig. 1).

Furthermore, we performed geometric measurements of tumor growth patterns according to the practice
in previous literature!>!%2, The posterior extension line of the sphenoid plane (dotted line A’) was used as
the upper edge of the sella turcica. A line 10 mm below A’ (dotted line B’) was taken as the floor. The distance
of suprasellar extension(A-A), infrasellar extension(B-B’) and the propensity of suprasellar extension((A-A)-
(B-B’) were calculated (Fig. 2).

GraphPad software (version 9.0) was used to analyze the data. Descriptive analysis was used to summarize
the baseline characteristics of the patients. Quantitative data were expressed as mean + standard deviation (SD),
qualitative data were expressed as the number of cases and percentage. Unpaired two-tailed Student’s t test was
used to test the significance of continuous variables between the two groups, and unpaired two-tailed Welch’s t
test was used if the variance of the two populations was not equal. The Kolmogorov-Smirnov test was used to
assess the distribution of the data, and if the parameters did not fit the normal distribution, the unpaired Mann-
Whitney U test was used. Categorical variables were compared using Pearson’s chi-square test or Yates continuity
correction. Statistical significance was defined as p < 0.05. This study was approved by the Ethics Committee for
Clinical Research and Animal Trials of the First Affiliated Hospital of Sun Yat-sen University (reference number:
2024-265). All methods were carried out in accordance with relevant guidelines and regulations. Informed
consent was obtained from all patients.

Results

In our consecutive cohort, a total of 171 patients who underwent endoscopic resection of pituitary
macroadenomas were included in the study. 103 patients were excluded, including 79 with tumors expressing
PIT-1, 5 with tumors expressing multiple transcription factors, and 19 with recurrence. There were 113 patients
with SF-1-expressing NFPAs and 58 patients with TPIT-expressing NFPAs. The proportion of female patients in
the TPIT-expressing NFPAs cohort was significantly higher than in SF-1 tumors (81.03 vs 27.43%, p < 0.0001,
Tablel). TPIT-expressing patients were younger than SF-1-expressing patients (48.67 +12.31 vs 53.90+12.96,
p=0.0120, Table 1). No significant difference in size was observed between the two tumor subtypes (28 vs 26 mm,
p=0.1213). Tumors expressing SF-1 and TPIT showed distinct growth patterns (Fig. 1). SF-1-expressing tumors
demonstrated a higher propensity for suprasellar extention, both isolated (75.22 vs 41.38%, p <0.0001, Table 1)
and combined (92.92 vs 77.59%, p=0.0061, Table 1). TPIT- expressing tumors were more prone to infrasellar
extention, both isolated (18.97 vs 0.00%, p <0.0001, Table 1) and combined (55.17 vs 17.70%, p < 0.0001, Table
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Fig. 1. Examples of extrasellar growth patterns for TPIT and SF-1 tumors. Isolated infrasellar invasion (a)
and mainly infrasellar invasion (b) of TPIT tumors. Isolated suprasellar extension (c) and mainly suprasellar
extension (d) of SF-1 tumors.

Fig.2. Geometry measurement of the tumor extrasellar extension in the vertical direction on MRI. The
posterior extension line of the sphenoid plane (dotted line A’) was used as the upper edge of the sella turcica. A
line 10 mm below A’ (dotted line B’) was taken as the floor.
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Variable TPIT SF-1 p value
Number of patients 58 113

Female 47(81.03) 31(27.43) <0.0001
Age(year) 48.67 +12.31 | 53.90+12.96 | 0.0120
Mean tumor diameter(mm) 28 26 ns
Extrasellar extension 56(96.55) 105(92.92) ns
Suprasellar extension

Any 45(77.59) 105(92.92) 0.0061
Isolated 24(41.38) 85(75.22) <0.0001
Infrasellar extension

Any 32(55.17) 20(17.70) <0.0001
Isolated 11(18.97) 0(0) <0.0001
Cavernous sinus invasion

Any 32(55.17) 40(35.40) 0.0148
Isolated 0(0) 0(0) ns

Multiple regions of extension | 36(62.07) 44(38.94) 0.0058

Table 1. Comparison of TPIT and SF-1 tumor extension patterns. Statistical significance was defined as
p<0.05.

1). TPIT tumors were more likely to invade the cavernous sinus (55.17 vs 35.40%, p=0.0148, Table 1) and
expand to multiple regions (62.07 vs 38.94%, p=0.0058, Table 1) than SF-1. (Fig. 3).

Geometry measurement indicated that the extent of the suprasellar extension (A-A’) between TPIT-expressing
tumor and SF-1-expressing tumor is similar (9.86+8.09 mm vs 10.47+6.23 mm, p=0.590; Table 2). The
distance of inferior extension (B-B’) of TPIT tumors was significantly longer than SF-1 tumors (8.28 +8.76 mm
vs 5.24+5.82 mm, p=0.008; Table 2). The tendency of superior extention[(A-A")-(B-B')] was more distinct in
SE-1 tumors than TPIT tumors (5.23 +7.66 mm vs 1.59 +13.9 mm, p =0.029; Table 2).

Discussion

In this large group of patients treated surgically for NFPAs, we investigated the impact of TFs expression on
the tumor extrasellar growth patterns. Our results showed SF-1 tumors and TPIT tumors exibiting distinct
extrasellar growth patterns. This not only reveals the biological significance of TFs in the growth of pituitary
tumors, but also contributes to the establishment of radiomics models in predicting the pathological types of
tumor.

The growth morphology of pituitary tumors is closely linked to the surgical resection rate*!-?%. To achieve
the goal of total resecting NFPAs, a comprehensive understanding of tumor growth patterns is imperative prior
to surgery. Previous studies have reported that certain anatomical and pathological factors can influence the
extrasellar growth patterns of pituitary tumors'®>-2’. This study mainly focused on the role of TFs in influencing
the growth patterns of NFPAs. To better characterize the biological characteristics of NFPA subtypes, we
compared the two most prevalent NFPA subtypes using the latest classification methods. In our series, TPIT
tumors were more aggressive than SF-1 tumors, characterized by easy extension to multiple extrasellar regions.
Notablely, TPIT tumors and SF-1 tumors exhibited similar sizes in our cohort, eliminating the possibility that
inconsistent tumor sizes contribute to different invasion patterns.

According to the 2022 edition of the WHO classification of pituitary tumors, SCAs can be diagnosed by
demonstrating immunopositivity for T-PIT with ACTH immunopositivity or immunonegativity. With the use
of TFs immunohistochemical staining as a routine pathological diagnostic method, the prevalence of SCA is
increasing, while null-cell PitNET are becoming increasingly rare, accounting for only 1% of PitNET>!?. SCAs
were hypothesized to exhibit more aggressive behavior and worse long-term outcomes compared with other
NFPAs?-%0, Several studies differentiated patients with SCAs and non-SCAs preoperatively using noninvasive
radiomics and clinical scale to help make appropriate treatment strategies®?%31-35. However, these studies grouped
all non-SCAs together without further discrimination, ignoring the heterogeneity of NFPAs. Meanwhile, they
did not delve into the impact of transcription factors on NFPAs. A previous study showed that PIT-1 tumors
were more likely to invade the cavernous sinus than TPIT and SF-1tumors, but no difference was found between
TPIT and SF-1 tumors®. This study was limited by small sample size. Another study has demonstrated that
the expression of additional TFs in tumor cells predicts more aggressive behavior?”. Our study was the first to
explore the invasiveness of NFPAs expressing single TF based on a large sample.

In the vertical direction, we observed TPIT tumors exhibit a higher propensity for bone invasion and thus
enter the sphenoid sinus, while SF-1 tumors were more likely to extend into the suprasellar region. Importantly,
isolated infrasellar extension is specific to TPIT tumors and can serve as a radiologic sign to distinguish between
these two tumors preoperatively. To quantify this difference, we attempted geometric measurements on MRI.
The geometric measurement results also support this difference. This distinction was not consistently observed
in similar previous studies®?®, perhaps potentially due to variations in TF expression assessment, its inclusion
of pituitary microadenomas and recurrent adenomas maybe with different growth locations®® and inadequate
discrimination between different NFPAs subtypes. In lateral direction, TPIT tumors were more likely to invade
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Fig.3. Comparison of TPIT and SF-1 tumor extension patterns. TPIT tumors tend to extend to the infrasellar
region and cavernous sinus, whereas SF-1 tumors invade the suprasellar region (A,B). TPIT tumors were more
likely to expand to multiple regions (C).

A-A' (mm) 10.26£6.90 | 9.86+£8.09 | 10.47+6.23 | 0.590
B-B' (mm) 6.27+7.08 | 8.28+8.76 | 5.24+5.82 | 0.008
(A-A")-(B-B')(mm) | 3.99+10.32 | 1.59+13.9 | 5.23+7.66 | 0.029

Table 2. Geometrical variables measurement on MRI.

the cavernous sinus, aligning with previous findings'***

females and younger patients was observed, consistent with previous studies
strongly related to sex and age.

The growth patterns of these two tumor subtypes suggest differences in their ability to invade bone and dura.
SE-1 tumors exhibit poor bone destruction ability, leading them to extend into the suprasellar region through
the sellar septum foramen. Similarly, their limited ability to invade the dura makes them less likely to invade the
cavernous sinus compared to TPIT tumors. Notably, the GH adenomas in the previous study showed infrasellar
tendendcy similar to the TPIT tumors in the our study!”. However, it remains unclear whether TPIT tumors
present with thickening of the soft tissue of the diaphragma sellae while enlarging the sellar space, as seen in
GH adenomas. Alternatively, the biological characteristics of TPIT tumors may render them more susceptible to
invading surrounding dural and bone structures, possibly due to the expression of degrading enzymes like matrix
metalloproteinases®. This susceptibility might also be linked to factors promoting tumor bone metastasis*’. In
the future, whole-genome sequencing of pituitary tumors with large sample size is necessary to screen for genes

. In addition, a higher incidence of TPIT tumors in
528 indicating that TPIT tumors are
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related to bone destruction. In this way, we can further clarify the mechanism of TPIT tumors that are more
likely to cause sellar floor bone destruction and find new therapeutic target options for refractory NFPAs.

There are several limitations in our study. First, it is a single-center retrospective study with a relatively small
sample size. This may cause sample bias and limit the reproducibility of the results. Second, the manual geometric
measurement methods for tumor morphology lack diversity and has the potential to create bias. In the later
study, we will compare the tumor invasion confirmed intraoperatively by neurosurgeons with preoperative MRI
performance to determine the reliability of imaging assessments. Thrid, we did not analyze the effects of tumor
growth patterns on clinical symptoms and prognosis. Resection and recurrence rates of tumors will be included
in future studies. Additionally, future investigations should explore the biological characteristics of NFPAs and
involve larger multicenter studies with comprehensive assessments to provide a more nuanced understanding
of these complex tumors.

Conclusions

In a consecutive cohort of 58 TPIT-expressing and 113 SF-1-expressing NFPAs, TPIT-expressing tumors are more
likely to invade bone and enter the sphenoid sinus, whereas SF-1 tumors tend to grow suprasellar. Importantly,
isolated infrasellar extension is specific to TPIT tumors and can serve as a radiologic sign to distinguish between
these two tumors. In addition, TPIT tumors are prone to invade the cavernous sinus and extend to multiple
extrasellar regions. The results enhances our understanding of the role TFs play in the biological behavior of
NEFPAs. It also aids in the establishment of radiomics models predicting the pathological types of tumor and
provides insights for selecting new therapeutic targets.

Data availability
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